
Wh^ is claimed is: 




A particle comprising calcium-pfeospEafe, wherein the particle has a diameter between 
about 300 nm andjbetir^OO nm, and has a substantially spherical shape and a substantially 
srnoottrSurface. 

2. The particle of clair^sL wKereilt^the diameter of the particle is between about 300 nm 
and about 1000 nm. \ 

3. The particle of claim 1,/ylm^er^mpris an antigenic material at least partially 
coating the particle or impregnating tn^ particle or both. 

The particle of claim 1, further comprising a natural immunoenhancing factor at least 
partially coatisgthe particle or impregnating the particle or both. 

5. The particle of-sl^iin 1, further comprising a polynucleotide material at least partially 
coating the particle or impregiMng^e particle or both. 

6. The particle of claim 1, further coitipming a therapeutic protein or peptide at least 
partially coating the particle or impregnating the p^rtiple or both. 

7. The particle of cl^l!g;;*Cfurther comprising a surface modifying agent at least partially 
coating the particle or inipre^ajfting the particle or both. 

8. The particle of claim 7, further comprising aUeast-arpartfaTcoating of an antigenic 
material, wherein the surface modifyinff'agent is at least partially disposed between the surface 
of the particlejud'ttte'antigenic material. 

The particle of claim 7, further comprising at least a partial coating of a natural 
immundeohancing factor, wherein the surface modifying agent is at least partially disposed 
between the su?fe^e of the particle and the natural immunoenhancing factor. 

10. The particle ol^slaim 7, further comprising at least a partial coating of a polynucleotide 
material, wherein the surface^t«odifying agent is at least partially disposed between the surface 
of the particle and the polynucleotmispjiaterial. 

1 1 . The particle of claim 7, furthb^cb^pqsing at least a partial coating of a therapeutic 
protein or peptide, wherein the surface modifying'^gent is at least partially disposed between 
the surface of the particle and the therapeutic protein orJrsDtide. 
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47. A method for^eparing_Qne orrnore particles of claim 1, comprising reacting a soluble 
calcium salt with a soli*o/^ phosphap^salt. 

48. The method of ^teifflc^^wherein the soluble calcium salt comprises calcium chloride 
and the solub^phos^'iSte^^t comprises sodium phosphate. 
The method of claim 48, wherein the reacting comprises: 

a) mixing an aqueous solution of calcium chloride with an aqueous solution of 



10 



(b) 
(c) 



sodium citrate to form a mixture, 

ig an aqueous solution a sodium phosphate to the mixture to form a 
solution, 

stirring the solutibtnantil particles of the desired size and comprising calcium 
phosphate are obtainec 

4^ 



The method of claim^t^ wherein the concentrations of each of the aqueous calcium 
chloride, the aqueous sodium citrate, and the aqueous sodium phosphate solutions are 
independently between about 5 mM and about 100 mM. 

preparing one or more particles of claim 7, wherein the surface modifying 



15 51. A method 

agent is at least parti^y coating the particle, comprising: 

(a) adding aVurface modifying agent tp a suspension of calcium phosphate particles 
to form a m:>gtujey^^ 

(b) allowing the nuxture to stand fi6r sufficient time for the surface modifying agent 
20 to cover at Ijeasrs^ portion 9f|he particles to form at least partially coated 

particles. 

52. The method o/ cjdimp'^;wie^eiii/t1ie surface modifying agent and suspension of 
calcium phosphate p^cles are presen\in a ratio of about 1 :20 by volume. 

53. The method of claim 51, further d^mprising rontantir^g thfi-a4^4ea^rt-pflrtia11y coated 
articles with a solution of aQtigenie-nTateriaTto form particles that are at least partially coated 

with the anti^^e^r^^haterial. 

54. TKeTTTethod-ef-claim 5^1, further comprising contacting the at least partially coated 
particles with a solution of natural immuho^^iancing factor to form particles that are at least 
partially coated with the natural immunoenhancing factor. 
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55. "V^e method of claim 51, further comprising contacting the at least partially coated 
particles witfi'^vsolution of polynucleotide material to form particles that are at least partially 
coated with the polynxocteetide material. 

56. The method of claim 51, fiir^gr/iomprising contacting the at least partially coated 
particles with a solution of therapeutic profeiqx)r peptide to form particles that are at least 
partially coated with the therapeutic protein or pept 

3 The method of claim^^t^ffiirther comprising adding an antigenic material along with 

one or more of the aqueous solutions forming the particle, to form one or more particles 
comprising calcium phosphate that are at least partially co-crystallized with the antigenic 
10 material. 

58\ The method of claim 49, further comprising adding a natural immunoenhancing factor 
along^^th one or more of the aqueous solutions forming the particle, to form one or more 
particles cbmprising calcium phosphate that are at least partially co-crystallized with the 
natural immunoenhancing factor. 
15 59. The method\)f claim 49, further comprising adding a polynucleotide material coding 
for one or more of the antigens expressed by organisms to be vaccinated against along with 
one or more of the aqueous^olutions forming the particle, to form one or more particles 
comprising calcium phosphate ^at are at least partially co-crystallized with the polynucleotide 
material. 

20 60. The method of claim 59, wher^ %e polynucleotide material is added in the form of a 
vector or naked DNA, along with one^r dij^e of the aqueous solutions forming the particle, 
whereby a calcium phosphate biodegradable ritairix is formed around the vector or naked 
DNA, and the vector or naked DNA becomes at lei^t partially embedded in or on the particle. 
61 . The method of claim 49, further comprising adding a therapeutic protein or peptide 
25 along with one or more of the aqueous solutions forming tnfevgarticle, to form one or more 
particles comprising calcium phosphate that are at least partially^bq-crystallized with the 
therapeutic protein or peptide. 
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a. 



particle of claim^ wherein the surface modifying agent comprises a basic or 
A; 



12. 

modified sul 

13. The part'K^le of claim 12, wherein the surface modifying agent comprises cellobiose. 

14. The particle W claim ^whefek^ surface modifying agent comprises an 
oligonucleotide. 

1 5 . The particle of c]fairf^f ^dferein th^ surface modifying agent comprises a carbohydrate, 
a carbohydrate derivati^/e^r other macr^Anolecule with carbohydrate-like components 
characterized by the abffindance^b^^frtm groups. 

e> 

16. The particle of claim jTf wherein the surface modifying agent comprises polyethylene 
glycol. 

17. The particle of claim 3, whereinjlie-antigetthnnaterial comprises one or more 
mmunogemc porti£>GS^5ra protein coat, protein core, or functional proteins and peptides of a 

vir^ 

18. The particle of^aim 17, wherein the virus is selected from the group consisting of 
Epstein-Barr virus (EBV\ human immunodeficiency virus (HIV), human papilloma virus 
(HPV), herpes simplex viruV (HSV), pox virus, and influenza virus. 

19. The particle of claim V wherein the microbial antigenic material comprises one or more 
immunogenic proteins obtaine(Mrom-'%acteiia, 

20. The particle of claim 19, Avherein the bab^ria is selected from the group consisting of 
tuberculosis (TB), staphylococcus,\treptocp<xus,\lostridium, pseudomonas, and coliform 
bacteria. 

21 . The particle of claim 3y whereii^thgjnicrobjAl antigenic material comprises one or more 
immunogenic proteins obtainijl from fun^. 
22. 
23. 
24. 
25^ 
26. 



The particle of claim 21, wherein the;, fungus is a saccharomyces. 
The particle of claim 22, wherein the mngus belongs to the species Candida . 
The particle of claim 4, wherein the natuW immunoenhancing factor is an interleukin. 

tide of claim 24, wherein the interleukin is interleukin-2 or interleukin- 12. 
The particle of cKiar^r-^^iereiQ^he polynucleotide material is a DNA or RNA 



sequence that encodes one or more epUoj 



ine or more immunogenic polypeptides. 
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2^. The particle of claim 26, wherein the polynucleotide material is selected the group 
consisting of DNA or RNA sequences encoding one or more epitopes of immunogenic 
polypeptides presented by virii or cells causing influenza, malaria, colon cancer, hepatitis 3, 
human ihimunodeficiency virus, (HIV), simian immunodeficiency virus (SIV), cutaneous T cell 
5 lymphoma/sherpes simplex, tick born encephalitis, rabies, rotavirus, tuberculosis, Epstein-Barr 
virus, human papilloma virus, and hepatomavirus. 

28. The partible of claim 26, wherein the DNA or RNA sequences are antisense fi-agments. 

29. The particlesof claim 26, wherein the polynucleotide material comprises DNA that is 
inserted into a plasmid^ector. 

10 30. The particle of cMm 29, wherein the plasmid vector is selected firom the group 
consisting of including pcDNA3 (Invitogen), pel (Promega) and PBR23 1 , 

3 1 . The particle of claim 2^ wherein the plasmid vector expresses cytomegalovirus (CMV) 
intermediate-early promoter. \ 

32. The particle of claim 29, wherein the plasmid vector expresses bovine growth hormone 
15 polyadenylation sequence. \ NTV 

33. The particle of claim 29, whereinSthe DNA is fused with other DNA sequences in the 
form of plasmid vector or naked DNA. \ 

34. The particle of claim 33, wherein the other DNA sequences comprise one or more 
sequences selected fi"om the group consisting or^human tissue plasminogen activator leader 

20 peptide, bacterial DNA and genes, naked DNA, or^ortions thereof coding for cytokines or 
interleukins. \ 

35. The particle of claim 34, wherein the cytokine is^ranulocyte-macrophage colony- 
stimulating factor (GM-CSF). >y 

36. The particle of claim 6, wherein the therapeutic protefn or peptide comprises a 
25 hormone. \ 

37. The particle of claim 36, wherein the hormone comprises in^lin, 

38. The particle of claim 37, wherein the insulin comprises humanSnsulin. 
2j9. a particle comprising: \^ 
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(a) \ a core of calcium phosphate, having a diameter between about 300 imi and 

)out 4000 nm, a substantially spherical shape, and a substantially smooth 
surfiice 

(b) a surfate j6o]iifying agent comprising polyethylene glycol at least partially 
coating 

(c) human iiisuli^t least partially bonded to the polyethylene glycol, 
whereby an effective arnount of the particles can be administered in the form of an 

aerosol to a patient in need there 
40 . A vaccine\pomj)osition comprising : 

(a) at leh^t one p^^3^cle of claim 1, 
a ki 



(b) 
(c) 



attepuatpd, or live vaccine, or a decoy virus, or a particle coated with 
anti^mcxnateri^ll , and ^ 



41 




25 45 



a pnafmaceSncally acceptable carrier or other excipient. 
vaccine composition according to claim 40, wherein the at least one particle of 
claim 1 is combirted^ith a natural immunoenhancing factor and a pharmaceutical^ acceptable 
carrier or other excipient!^ 

42. The vaccine composition atrsgrding to claim 40, wherein the at least one particle of 
claim 1 is uncoated. 

43 . A vaccine^s;^;lpqsition comprising: 

(a) at leatNme pMticle of claim 3, and 

(b) a pharmaeei^ically acceptable carrier or other excipient. 
vaccine composition comprising: 

(a) ^>atleast one particle of claim 5, and 

(b) a ph^ina^utically acceptable carrier or other excipient. 
A pharmaceutical composition comprising: 

(a) at least one particle oj'^^m 6, and 

(b) a pharmaceutically acceptable^bamer or other excipient. 

The composition of claim 45, wherein the at Ifeas^one particle is dried, and wherein the 



44 



46 



carrier is an aerosol. 
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62. A method for adjuvamng a vaccine comprising administering an effective amount of at 
least one particle of claim 1 icf comunction with administration of a killed, attenuated or live 
vaccine, or a decoy virus to a patiemCin need thereof 
^^^f^. A methoa^for adjuvanting a vaccine comprising administering an effective amount of at 
least one particle oHdaim 1 in combination with an effective amount of at least one particle of 
claim 1 having an antig\^ni9/fnaterial c^\ating the particle or impregnating the particle or both, to 
a patient in need thereof/ 

64. The method of clj^p^^^^h^in the particles are administered in a dosage of about 1 
l^g to about 1000 lag peitfcilogr^ of body weight. 
10 65. A method for prcMdrag a controlled release of antigenic material, comprising 

administering an effective i^^int of at least one particle of claim 3 to a patient in need thereof 
6^ A method for providing a controlled release of natural immunoenhancing factor, 
comp^ing administering an effective amount of at least one particle of claim 4 to a patient in 
need thereof 

15 67. A method for vaccinating a patient, comprising administering an effective amount of a 
composition comprising: 

(a) at leastsone particle of claim 5, and 

(b) a pharmaasjutically acceptable carrier solution or other excipient 
to a patient iir^eed thereof. 

20 68. The method of claim 67, wl;ierein the polynucleotide material is taken up and expressed 
by cells and translated to produce one\^ more immunogenic polypeptides that can be 
recognized by the immune system in a mam^ similar to the manner in which the 
polynucleotide material would be recognizSa'if^t had been vaccinated conventionally. 

69. The method of claim 67, wherein the composition contains about 0.5 to about 500 
25 micrograms of polynucleotide material. 

70. The method of claim 69, wherein the composition is^^ministered in a dose from about 
0. 1 mL to about 2 mL. 
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A method for delivering an inhalable, aerosolizable therapeutic composition comprising 
administering an effective amount of a composition comprising at least one particle of claim 6 
to a patient liHieed thereof 

72. The metho^sof claim 71, wherein the administering comprises introducing the 
composition into the pa!tei^'s lungs. 

73. The method of claim Ti^wherein the particles are dried. 

74. The method of claim 71, whei;OTi^the particles are in solution or are combined with a 
pharmaceutically acceptable carrier o}l^ excipient. 

75. The method of claim 71, wherein the particles comprise a coating of polyethylene 
glycol and human insulin and are administered to a oi^etic patient in need thereof 

76. The method of claim 71, wherein^Jbev^erosol is adhiijiistered in a dose from about 50 
]iL to about 2 mL. 

77. The particle of claim 1, whef^iJ^thp^iar^eter of the particle is^b^ween about 300 nm 
and about 2000 nm. 



15 
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